Abstract: This paper explores the spatial distribution of innovative and productive activity across 109 regions of the European Union, thanks to an original databank on regional patents statistics.
Introduction

*
The debate on the existence of agglomeration economies, which suggests that firms benefit from being near other firms, has been long, rich but rather erratic. The pioneering arguments of MARSHALL (1890) and WEBER (1909) have being revitalised just in the fifties by development and regional economists, such as MYRDAL (1957) and PERROUX (1950) , and have only recently regained the forefront of economists' debate thanks to scholars such as ARTHUR (1988) , KRUGMAN (1991) STORPER (1992) and NELSON (1993) . Such contemporary authors follow quite different approaches:
while the former two try to emend the orthodox framework by considering increasing returns and multiple equilibria, the latter two moves along the Shumpeterian tradition within a rather different setting, that of evolutionary economics (see NELSON and WINTER, 1982) . Nonetheless, all contributions share the belief that there exist self reinforcing mechanisms which are spatially bounded. In practice, as firms gather in a locality, this is likely to gain useful infrastructures, an appropriate specialisation and diversification pattern facilitating the provision of specific goods and services, more convenient relative prices and qualities of the labour force and of primary and intermediate goods 1 . As a result, there appear social networks which are based on the exchange of information and expertise within a specific area. Information and expertise that, according to VON HIPPEL (1995) , despite the great progress in information technologies (thanks to Internet, for example), is still costly and difficult to transmit across areas. Proximity, as a result, is still very important because such a sticky knowledge, which is the prime base of technological change, is locally non rival and can thus be easily appropriated by firms in a specific area. This is to say that, * We would like to thank Alessandra Amitrano and Ernesto Batteta for valuable assistance in setting up the data base on regional patent statistics. Financial support from CRENoS and CNR is gratefully acknowledged.
1 There may, obviously, be also agglomeration disecomies due most of all to congestion effects. It should be, however, remarked that such effects are likely when externalities operate through physical infrastructure rather than through knowledge channels, which are central in our research. For simplicity sake, we refer to increasing returns to indicate all those cases when net benefits between economies and diseconomies are positive.
parallel to agglomeration economies which contribute to the creation of industrial districts, there exist other increasing returns in spatial form which favour the formation of technological enclaves.
On the other hand, there is an important stream of the literature [see COE and HELPMAN (1995) and FAGERBERG (1994) amongst the latest contributions] which emphasises the nature of technological progress as a public good --that is, indivisible and non rival. According to this perspective R&D spillovers go across borders and may contrast the appearance of spatial patterns of innovative specialisation. In conclusion, there exist countervailing forces -those ones which facilitate spatial diffusion of knowledge, experience and technologies and those ones which enhance local increasing returns -which are both in action. Which effect is prevailing in the case of the European regions is a question that we directly address in the paper.
The existence of spatially bounded economic poles is not anew in the industrial economics literature, where there has been an extensive amount of research on "local production systems" and "industrial districts" [BRUSCO (1982) , PYKE et al. (1990) , SABEL (1989) ] and also on "spatial innovation networks" and "innovative milieu" [CAMAGNI (1991, PECQUEUR and ROUSIER (1992) , COOK and MORGAN (1994) ]. This literature usually grounds its research on case studies of specific areas which allow for very detailed analysis of the complex interacting forces that shape the development of a local system (i.e. a combination of economic, social, and cultural elements).
However, as it has been recently shown by some studies on the spatial distribution of innovation and production in the United States [JAFFE et al. (1993) and AUDRETSCH and FELDMAN (1996) , among others], there is much to be learned also from the spatial analysis of technological and productive specialisation in larger economic systems.
So far this latter line of research at the European level has been hindered by the absence of comparable disaggregated data both at the geographical and sectoral level, especially with regard to the technological indicators. Such a lack has not allowed to construct a map of the innovative activity at the regional level in Europe, despite this is now essential since national markets, also thanks to several European Union policies, are getting more and more integrated and a higher mobility of labour and physical capital is likely. In the light of this need, some studies have, actually, started appearing but none, to our knowledge, addresses explicitly the issue of both technological and productive specialisation. In particular, BRESCHI (1997) This split allows us to investigate more deeply the complex relationship between innovative and productive specialisation at the regional level in Europe. Moreover, we present a preliminary examination of the link among heterogeneity of technological and productive levels and its implications in terms of regional integration.
To achieve our goals we have set up an original databank on regional patent statistics based on the data collected by the European Patent Office (EPO) and rearranged by assigning each patent to its region of origin through the postal code of the inventor's residence. More precisely, our series refer to 53,270 patent applications for the years 1980, 1985 and 1990, classified by the inventor's region and covering 109 territorial units belonging to the twelve countries members of the European Union during the eighties.
The paper is organised as follows. Section 2 presents the new data-base on regional innovative activity and discusses some measurement issues. Section 3 documents the spatial distribution of aggregate innovative activity. Section 4 presents the sectoral analysis; more specifically, section 4.1 examines the innovative specialisation across the European regions at the sectoral level; section 4.2 analyses the association between innovative and productive specialisation and section 4.3 addresses the issue of technological heterogeneity. Section 5 concludes.
Some measurement issues
No single measure of innovative activity is perfect. As a result, there is an ongoing debate [see, for instance, PAVITT (1982) and GRILICHES (1990) ] on which technological indicator provides the best representation of innovative activity within an economic unit (country, sector, firm). Starting from the concept of knowledge production function [PAKES and GRILICHES (1984) ], two types of indicators have been identified: technology input measures (such as R&D expenditure and employees) and technology output measures (such as patents and new product announcements). The former indicators include, without distinction, firms' effort for invention, innovation and imitation activities. Conversely, patents and product announcements represent the outcome of the inventive process that is expected to be economically valuable, although such a "value" is highly heterogeneous and the propensity to patent or to announce can vary across space, firms and sectors [EVENSON (1993) and USAI (1996) ]. With respect to the object of our research --that is to study local patterns of specialisation --patent statistics have, therefore, pros and cons. On the one hand, they are considered a more reliable indicator than R&D for innovative activity of small and medium firms (which form the bulk of local systems of production) because most such firms do not formally register R&D expenditure. On the other hand, patents still underestimate the innovative activity of small firms given that direct and indirect costs of patenting at EPO may prove very high for such firms which exhibit a lower propensity toward internationalisation.
Despite these problems, patents are chosen because they are the only available indicator with some useful characteristics, such as: (a) they give information on the residence of the inventor and proponent and can thus be grouped regionally, while R&D statistics are available just for some regions or at the national level; (b) they record the technological content of the invention and can, thus, be classified according to the industrial sectors, (c) they are available for a long time span and this allow for some tentative dynamic analysis.
Our analysis of the innovative activity across the European regions is based on information provided by the European Patent Office through the European Patent Bulletin Information on CD-ROM. More precisely, our series refer to patent applications, classified by the inventor's region, for the twelve member countries of the European Community over the eighties. We have examined three years -1980, 1985 and 1990 -and a total of 53,270 patents.
The classification by inventor's region has been preferred given that the location of the patent's proponent, which usually corresponds to the firm's headquarters, may provide an incorrect information whenever the invention has been developed in a firm's subsidiary located in another region. For instance, Enichem, the Italian petroleum and chemical multinational, is located in Milan (Lombardia) but the innovative activity (as indicated by residence of the inventors) is much more dispersed due to the presence of several plants in other regions (e.g. Veneto, Sicilia, Liguria and Sardegna). The region of residence of the inventors, on the contrary, gives a more precise measure on the exact geographic origin of the inventive and innovative activity. Before discussing the main descriptive features of the data it seems important to highlight some caveats. Patent applications to a foreign institution (through either the EPO or the national patent office) represent only a fraction of the total number of patents filed domestically by residents ]. Indeed, the high costs of application and implementation of patenting abroad imply that several domestic patents with scarce economic relevance and mainly owned by individual inventors are not extended to foreign markets [SOETE and WYATT (1983) ]. At the same time, the increasing commercial integration across the European countries requires firms to protect their profitable innovations not only domestically but also in the foreign markets where they are 3 It should be considered that more than half of the patents register multiple inventors. In total, we have counted 2 inventors out of one patent. Therefore, to avoid arbitrarily duplications, we have preferred to consider only the first inventor. This procedure introduces a bias in our description of regional innovative activity only when, for a given patent, inventors reside in different regions. However, several tests on our database have indicated that such a case is willing to trade. A patent granted by EPO may have a simultaneous validity over several European countries, therefore this organisation is gaining in importance since it was formed in 1978 and now grants almost the totality of external cross-patents among the European countries [PACI, SASSU and USAI. (1997) ]. In a nutshell, patent applications to EPO represent a subset of the total domestic innovative capability of each region which can, indeed, be considered the component with the highest quality and economic potential and, as a result, a rather good proxy for the regional innovative activity.
A summary of the patents included in the database, divided by country of origin, is reported in 
The regional distribution of aggregate innovative activity
This section presents a description of the aggregate innovative activity across the regions of the European Union. Such a picture is based on the comparison of the number of patent applications normalised by the size of the geographic unit, expressed by the number of inhabitants. A complete list of patents per capita for the 109 regions is provided in the first column of Table A1 in the Appendix.
An effective overview of the spatial distribution of technological capacity among the European regions in 1990 is presented in Figure 1 . The innovative activity appears mostly concentrated in the German regions, while some other relevant clusters result in the South of the United Kingdom, in central France, and in northern Italy. It is worth remarking that there is a group of 22 regions, all belonging to southern Europe (that is, Greece, Italy, Portugal and Spain), where there has been no patenting activity through EPO in 1990. Moreover, another 19 regions show a very low innovative activity -less than 6 patents per million of inhabitants -and it consists of other southern European regions, plus Corsica and Northern Ireland. 5 In conclusion, there appears to be a clear dualistic structure in the innovative activity within the European regions. It is, therefore, obvious to ask how much of such a structure is a by-product of the differences in the economic performance of the productive system or vice-versa. Unfortunately, the available information do not allow for any rigorous statistical testing of causality, nevertheless it is interesting to evaluate whether the innovative activity is associated to the level of productivity. 6 A first evaluation can be derived from Figure Table 2, where the dispersion of labour productivity and of innovative activity (measured by the coefficient of variation 8 ) are reported for the European Union and for the largest countries. As far as the regional distribution of the innovative activity in the whole EU is concerned, this appears to be highly concentrated (CV = 1.28 in 1990) mainly because of the huge differences between southern and 5 It should be however noted that these two territorial units belong to the backward regions' group (objective 1) defined by the European Union, so that they can be correctly joined to the southern European regions from an economic point of view. 6 The relationship between technology and economic performance at the European regional level has been studied by Verspagen (1997) which explores the existence of regional clubs for five European countries (Germany, France, Italy, Spain and United Kingdom). Moreover, Fagerberg and Verspagen (1996) analyse the effects of R&D expenditures on the catching up process for a group of 49 European regions.
northern Europe that we have already remarked. As a result, the innovative activity appears more result is only partially attributable to a growing similarity of the regional innovative potential displayed by European regions. Actually, such a change can be due to the growing propensity to patent at EPO by the peripheral countries and regions of southern Europe 9 . It may be reasonable to argue that the "propensity to patent" effect has been predominant in the first half of the decade and that the "innovative convergence" has grown in importance in the latest years with the decline of transaction costs associated to patenting at EPO.
As for the labour productivity, it is remarkable that its level of dispersion is much lower with respect to the innovative activity, both at the European and at the country level 10 . This seems to imply that spatial increasing returns and localised spillovers are more important for the innovative rather than for the productive activity. Furthermore, there appears just a weak sign of convergence in productivity levels across European regions (the dispersion goes from 0.25 in 1980 to 0.24 in 1990).
At the country level, it is worth noting that Italy has, again, the highest degree of regional inequality (0.14), while United Kingdom shows the most homogenous structure (0.05). Finally it is interesting to stress that among the German Lander the dispersion in labour productivity is higher, relatively to the other countries, than the dispersion in the innovative activity; we will return on this point later.
These findings confirm the patterns of the convergence process across the European countries shown by Paci (1997).
Finally, the last two columns of Table 2 attempt to offer an answer to the question put forward above about the degree of association between the regional distribution of innovative activity and labour productivity. The two series turn out to be positively and significantly associated for the whole European Union; most importantly the correlation is increasing (from 0.45 in 1980 to 0.52 in 1990). Considering the correlation within the boundaries of each country, there appears to be a positive and strong association for France, Italy and the United Kingdom. Conversely, there is no association between the distribution of innovative activity and labour productivity for the case of the German regions. To address this puzzle we have calculated the correlation excluding from the aggregate productivity level the agriculture sector and also using only the industrial productivity. In both cases we have found the same result: a lack of association among the German regions between the distribution of innovative activity and the measure of labour productivity. This surprising result may be attributed to the fact that the beneficial effects of technological change (as detected by our indicator) spill over several regions, for example thanks to both a more diffused network of plants around the country and a social network which carries information and expertise over regional borders. 11 Such a result is investigated in greater detail in the next section in order to understand to which extent this feature represents a point of strength of the German economic and industrial structure which distinguished it from the other European ones.
It may be interesting, at this point, to get a closer look at the top twenty innovative regions identified in Figure 1 . Table 3 shows that half of them belongs to Germany, while four pertain to 11 A similar result, that is the existence of a national cluster of regions in Germany, is found by Verspagen (1997) and is interpreted as a signal of the impact of a national system of innovations.
France, three to Italy, two to United Kingdom and one to Netherlands. The European region with the highest technological activity is Baden Wurttemberg, with 278 patents per million inhabitants.
The success of this Land is based on an oft-studied "innovation network" where many different institutions support the activity of several large and small enterprises in the automotive and electronic industries (COOK and MORGAN, 1994 European regions or, most likely, as a consequence of a mutated propensity to patent. On this point, let recall that some European regions (especially in Italy) were in great trouble during the early eighties in the aftermath of the two oil shocks. At that time, such industrial regions could not afford risky and costly investments as the expenditure in R&D. In other words, technological progress in those years was achieved mainly through industrial reorganisation, learning and imitation instead of innovation.
The regional specialisation in innovation and production
An interesting feature of the database under exam is that it allows to illustrate the sectoral technological specialisation of each region. The EPO arranges patent series according to the sections and categories of the International Patent Classification (IPC), which reflects the invention's function rather than its industrial contents. Therefore, it happens that any IPC section contains unrelated innovations concerning the most diverse sectors of production. Such a shortcoming makes IPC series inadequate for any comparative analysis with other economic variables (e.g., value added, employment). For this reason we have converted the original IPC data (over 600 sub-categories) to the NACE classification at the three digit level on the basis of the productive sector where the innovation has been originated.
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As a measure of sectoral specialisation we use the index of Revealed Technological
Advantage (RTA) which gives information on the specialisation of a region compared to other areas. 13 This index has the advantage to be double weighted so that the resulting description of technological specialisation is not influenced by sectoral or national differences in the "propensity to patent". We start examining in section 4.1 the regional distribution of the innovative activity at the industry level, then the relationship between productive and technological specialisation is considered in section 4.2, finally in section 4.3 we address the issue of technological heterogeneity.
The sectoral innovative specialisation of the European regions
A first picture of the sectoral distribution of the technological activity is presented in Table 4 where the six most innovative sectors at the two digit level for 1990 are reported. It is quite clear that innovative activity is not only clustered in some advanced regions but that it is also spatially grouped within specific industries. Table 4 provides just a sketchy but significant picture which is confirmed in Figure 3 with an overview of the sectoral technological specialisation of the European regions in 1990, obtained by disaggregating the industrial activities in four sectors as suggested by PAVITT (1984) 14 . The first sector, which holds only a small fraction of total patenting activity in Europe (5%), includes the traditional activities such as textiles and apparel, wood and constructions. The chart reveals that there are just six regions (four in Italy and two in Spain) which are highly specialised in traditional activities. Among them, it is important to highlight the presence of Veneto which, thanks to a diffused network of small and medium firms, has gained a significant comparative advantage in
Textiles. The cluster of regions specialised in traditional activities is the most numerous (there are more than thirty regions which display a RTA in this sector higher than unity) and dispersed (the coefficient of variation is 1.2). The largest group (57% of total patents) is the scale intensive one, which consists of energy and chemical products, metal industries, food, transport equipment and consumer machinery. Needless to say, this is a very heterogenous sector where one finds both southern regions (such as Sardinia and Sicily) and northern regions (such as, among many others, Zuid Nederland, Nordrhein-Westfalen and Hessen). In the former case, scale intensive specialisation is mainly due to the past massive public investments in chemical industries; while in the latter case, this result is attributable to a more robust and diffused industrial structure which has, nevertheless, some "local" champions such as Philips, Bayer and Hoechst respectively. As for the specialised supplier sector, which includes industrial machinery, printing and railroad, this amounts to 22% of index which is based on sectoral employment -the Revealed Productive Advantage (RPA) -to analyse the comparative industrial specialisation.
total patents. Again, this is a very heterogenous cluster. It is, however, interesting to notice that A more detailed analysis of the sectoral specialisation, based on 11 industrial sectors, is reported in Table 5 for the 20 most innovative regions, while the index for all the 109 regions is reported in Table A1 in the Appendix. It is interesting to remark that the specialisation pattern for the technologically most advanced regions appears to be quite heterogeneous given that nine out of eleven sectors appear as the main sector in different regions (just are Building and construction and Non-electrical machinery missing). Moreover such a structure appears rather stable along time given that the correlation of RTA distribution in 1980 and 1990, reported in the last column, is usually positive (with the only exception of Schleswig-Holsten (-0.09) and Niedersachsen (-0.5)).
Technological and productive specialisation
To which extent is the technological specialisation of European regions associated to their productive specialisation? To answer this relevant question, in this section we firstly estimate the sectoral specialisation of the industrial system by computing for each region the index of Revealed Productive Advantage (RPA) --previously defined in note 13 --based on data on sectoral employment in 1990. 15 Secondly, we compare the sectoral patterns of technological specialisation of each region (as it emerges from the RTA index described in section 4.1) with the productive one. The first result to be remarked is that there is a positive and significant association between the spatial and sectoral specialisation of the innovative and productive activities. Such a result may be interpreted as a signal of the presence of both technological and productive increasing returns (i.e.
localised knowledge spillovers, agglomeration economies) which positively influence each other and, in so doing, propitiate the establishment of regional specialisation patterns. STORPER (1992) discusses some examples from France, Italy and the U.S. of such processes. Again, to confirm such a suggestive interpretation more detailed analysis on the complex and differentiated nature of spatial spillovers is required. In the next section, some progress is made in this direction.
The result for the entire Europe is confirmed, but for few exceptions, by the correlations computed at the national and sectoral level. All countries present a positive and significant association between technology and productive specialisation, displaying very high levels of significance. 16 Only for the small countries -like Belgium and Netherlands -the significance is less than 10% for the Pearson correlation. In this case the territorial split is too limited and it prevents a precise evaluation of the spatial specialisation. As regards to the correlation for each industrial sector over the 69 regions, it appears that 7 out of 9 sectors show a positive and significant association 15 We have excluded from our analysis Spain, Greece and Portugal because their technological activity is too low to allow for sectoral comparison. For the same reasons we have excluded 5 other regions which hold less than 5 patents in 1990. Therefore we are considering here a total of 69 European regions. Sectoral employment comes from Eurostat's Regio. For Germany and United Kingdom data have been kindly provided by De Nardis et al. (1996) who have studied the manufacturing specialisation of 56 territorial units in Europe in the context of the optimal currency area's debate. To make technology and employment sectoral data comparable, in sections 4.2 and 4.3 we limit our analysis to 9 industrial sectors. 16 Due to the limited number of observations, we have considered together the mono-region countries -Ireland, Denmark, Luxembourg.
between innovative and productive specialisation. This association results particularly strong in the highly integrated and scale intensive sectors like Energy, Chemicals and Transport equipment, and also in more traditional industries such as Textiles and apparel. 17 The results are more controversial in sector 8, probably due to the high heterogeneity of the productions here included: wood, paper and other manufacturing industries. Moreover, the spatial correlation between technology and production is non existent in the case of Building and construction, since this particular activity is obviously rather evenly spread throughout all areas.
Spatial dispersion of technology and production
In the previous sections we have found that technological enclaves exist together with industrial districts at the regional level in Europe. Furthermore, we have found that high levels of technological activity are associated to high levels of productivity (but for Germany) and that productive and innovative specialisation patterns are often specular phenomena. All such evidence seem to invite to conclude that increasing returns are at work both for technological and productive activity and that they reinforce each other. However, the German "puzzle" highlighted above discourages too a rigid conclusion and asks for some more analysis on the complex relationship between production and technological activity at the regional level.
More specifically, in this section we analyse the degree of spatial dispersion of the innovative and productive activity for nine industrial sectors. characterised by very specialised regions, probably as a result of public policies that have fostered the development of very specialised "technopole" around country (LONGHI and QUERE, 1991) ; at the other extreme, one finds Germany with a coefficient of variation of 1.2, which implies, again, a rather homogenous pattern of regional technological activity.
As regards the spatial distribution of sectoral productive activity, this appears more irregular, since each country tends to follow its own pattern of regional concentration of the sectoral activities. spatial concentration of innovative activities at the sectoral level seems to follow only partially a pattern similar to the one of industrial concentration of the production. In general, we have on the one hand a high concentration in the scale intensive sectors usually dominated by few "national champion" firms located in different regions. On the other hand the traditional industries, characterised by a more relevant presence of small and medium firms, show a more dispersed spatial distribution of the innovative and productive activities. At the same time, countries display several interesting sectoral peculiarities in their spatial profile which can be interpreted in terms of different levels of integration among regions for innovation and production.
In particular, it should be noted that Germany shows the lowest spatial concentration both for the aggregate and average sectoral innovative activity, respectively CV=0.51 in Table 2 and CV=1.20 in Table 7 . This evidence can be read as a further indication of a network of innovative activity which is not strongly segmented at the regional level. Recently, TAMURA (1996) has suggested that the more homogeneous is the distribution of knowledge and innovative activity among regions, the easier is the process of regional integration in production in order to exploit different paths of specialisation a' la Smith. Interestingly, Germany displays a high level of spatial concentration of production (average CV = 1.11 in Table 7 ). 19 One may argue that this reflects a high level of regional integration, with each region following a different comparative advantage and exploiting more deeply available economies of scale and scope. In other words, Germany seems to have its main point of strength in an innovative system which is able to share technological knowledge and expertise more than other national systems, and which favours an integrated and therefore more efficient interregional productive system This evidence may help in explaining the 19 The only country which has a higher level of productive concentration is Italy due to the presence of a still strong division between North and South both in terms of per capita income and of structure of production (see Paci and Pigliaru, 1998) .
lack of association between aggregate innovative capacity and productivity levels among the German Lander we have previously detected.
Another interesting way to analyse the dispersion of the technological activity is to look at how innovations within each region are spread across sectors. Using this dispersion measure, if we calculate across all regions the association between the degree of sectoral dispersion of technology and the aggregate productivity levels, there appears a negative and significant correlation (r=-0.45).
In other words, the European regions which enjoy a more homogeneous distribution of their technological capability across different industrial sectors appear to be also characterised by a higher productivity level. This outcome suggests the presence of positive inter-industries externalities which favour those regions that succeed in covering a broader range of technological activities. However, there may be alternative explanations due to the fact that this relationship is very much endogenous in nature. In other words, it may be that those regions which becomes richer, are, for this very reason, able to attract entrepreneurs and firms in different sectors. Cross section analysis do not allow for an assessment of the relative strength of such alternative explanations. Assessment which should be addressed by future research if more data on the temporal dimension become available.
Conclusion
Europe is becoming more and more integrated thanks to several policies aimed at decreasing the core of the transaction costs which affects factors' mobility. How is the current pattern of regional industrial specialisation going to change due to such a process of integration? To propitiate a correct answer to this question, this paper starts constructing the map of the spatial distribution of innovative and productive activity in Europe and assessing the level of integration between them.
Such an analysis is made possible thanks to an original databank on regional technological statistics based on patent data from the European Patent Office (EPO) and rearranged by assigning each patent to its region of origin through the postal code of the inventor's residence.
The main results of the aggregate analysis worth highlighting are as follows. First, the technological activity in the EU appears to be highly concentrated, although concentration tends to decline over the period. This results from the huge differences between southern and northern Europe. Secondly, as expected, the degree of disparities in the productivity distribution appears much lower with respect to innovative activity both at the European and at the country level.
Nonetheless, the correlation coefficients between the regional distribution of aggregate innovative activity and labour productivity turns out to be positive and significant at the European level and for all countries but for Germany. This last puzzling result advocates for some interpretative caution and confirms that the relationship in exam is a complex one.
The disaggregated analysis at the sectoral level aims at unravelling some of such complexity.
First of all, innovative activity is observed to be spatially clustered within specific industries. In other words there is a tendency towards the formation in Europe of highly specialised technological enclaves, especially in some sectors -Machinery, Transport equipment, Energy. Moreover, we have documented how the spatial and sectoral specialisation of innovative and productive activities is positively and significantly correlated. This seem to suggest that localised knowledge spillovers and agglomeration economies foster a local economic system towards a specialisation in both production and technology. Finally, we have looked at the regional technological and productive heterogeneity and two main results have arisen. Firstly, Germany proves to be a special case due to the coexistence of a low level of technological dispersion and a relatively high level of productive dispersion. This has been interpreted as evidence of the presence of a network which carries technological spillovers across regions and which favours an integrated interregional market for production. Secondly, we observe a negative correlation between sectoral technological concentration and aggregate productivity across the regions. This suggests that the European regions which enjoy a more homogeneous distribution of their technological capability across different industrial sectors appear to be also characterised by higher productivity levels.
This paper has provided a first recognition of the spatial dimension of innovative and productive activity at the regional level in Europe. Such a study has been mostly descriptive in nature and considerable progress is still to be made in order to identify, and test appropriately, the main determinants of the self reinforcing mechanisms which lead to innovative and productive clusters.
However, we may prudently discuss some preliminary policy implications of our results. The existence of self-reinforcing mechanisms at the regional level which may lock regions in either losing or winning paths of specialisation in production and technological activity seems to encourage policies which should lead regions towards the right direction. This is not an easy task, for, in these circumstances, governments, as asserted by DAVID (1987), resemble "blind giants" with "narrow windows of opportunities". Unfortunately, our results do not manage to cancel this blindness or to enlarge such windows, nevertheless they suggest that region-specific policies to strengthen their technological "infrastructure" and help reversing potentially vicious circles are still up in the agenda.
The German case, moreover, seems to indicate that the presence of more similar regions in terms of technological capacity favours interregional spillovers and in so doing the formation of a more integrated and hopefully more efficient national market. 
